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STUDY OF TERRESTRIAL RESQURCES BY SPACE OBJECTS
AND INTERNATIONAL LAW

Marco G. Marcoff

The capacity for multidimensional observation by space ob-
Jects opens broad perspectives for study both of the natural con-
ditions of the earth's environment and of the mineral, blological,
and economic resources of the earth's surface and subsurface, as
well as the expanse of the ocean.l

Study of the terrestrial medium, which is the principal ob-
Jeetive of space prospecting, is of interest both to industrial-
ized states and to those which are still underdeveloped, or which
are at present just beginning thelr economic development as inde-
pendent countries.2

Although experimental and exploratory work in thils area has
already begun, there are still no international regulations on the
use of space technelogy for scientific and economic teleobserva-
tion, except for the general standards of conventional territeorial
rights.

The possibility of satellite teleobservation in the areas of
crop ldentlificatlion (condition of vegetation, species cultivated,
degree of maturity, etc.), terrestrial and aquatilc biological re-
sources, and mineral deposits has already been compellingly demon-
strated by the combined aerospace experiment carried out in 1969,
using the HB-5Y F ailrplane and the Apollo 9 space capsule.3 Mo-
salcs of multispectral photographsu taken at an orbital altitude
in the upper and lower atmosphere were pieced together to show a
vast expanse of the Salton Sea area in California,5

tographs, obtained by analogous methods of aerospace observation,

Simllar pho-

have been taken of the Casplan Sea region in the U.S.S.R.

¥Numbers in the margin indicate pagination in the foreign text.
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On July 23, 1972, the first satellite in the American ERTS
program (Earth Resources Technology Satellites) was launched from
Vandenberg Ailr Force Base north of Los Angeles. The ERTS-A is
designed to take systematic photographs of the earth's surface in
various bands of the invisible and infrared spectra, and for this
purpose it is equipped with three very large-aperture television
cameras (4,500 lines) operating in diversebands of the spectrum,
and also with a radiometer with multispectral scanning on four
channels. Data is stored in two very rapid magnetic recorders.
The satellite is also equipped with a data collection system de-
signed to gather information on hydrology, agriculture, forestry,
meteorology, pollution detection and geology,6 Complete sur-
veillance of the earth's surface is accomplished every 18 days
from an altitude of about 620 km. Launching of the second satel-
lite in thils series, the ERTS-B, is projected for 1973.

In order to create the legal conditions necessary for colla- /345
boration i1n this area, and particularly to use the data obtained
by satellite prospecting for their economic development, Brazil
and Mexicc made contractual agreements with NASA at the end of
1968 through their national space research organizations.7 Their
experiments, however (Electra Mission MSC P-# A), showed that tele-
observation activities by ultra-sensitive scanners cannot possibly
be limited to the exact territory of the state which has given its
consent, but that such activities inevitably touch on the econom-
ic, political and strategic concerns of neighboring countries.

The range of the detectors extends beyond the boundaries of the
country beilng observed, since the data registration takes in an
area at least 185.2 km wide and inevitably covers a large part of
the adjacent territory.

Using teleobservation from Space to turn the earth's re-
sources to account has been the subject of several important
studies by the Economic and Social Council of the U.N. in 1970.9
The special study prepared on this subject by the Secretariat of



the United Nationslo emphasizes that the simultaneous use of air-
craft and space objects i1s currently the main factor in obtaining

102 and consequently more useful data.

increased ground resolution
However, the same official study also pointed out that from now
until 1975, the resolving power for detectors installed in satel-
lites orbiting at an altitude of about 800 km will be from 18 to
61 m. Around 1980, the precision of data collection will have in-
creased so much that it will be quite possible to distinguish,
from an orbital altitude, ground-level objects with a with a size
of only 3 to 15 m.t?

In spite of assertions such as these, regulation of the study
of terrestrial resources by space objects has been of little in-
terest to the specialized body of the United Natilons, the Juridi-
cal Subcommittee of the CUPEEA. The subcommittee has not only
kept itself aloof from the studies undertaken by the Economic
Council, but also remains separate from other developments initi-
ated by the Scientific and Technical Subcommittee of the CUPEEA
since 1970.12
Juridical Subcommittee that it was still too soon to develop any

In May 1972, argument was actually made before the

international body of laws to regulate the teleobservation of the
earth's resources by satellites, since the techniques of observa-
tion were in the experimental stages and the methods and range of
these activities were still imprecise.13
Nevertheless, it 1s possible to see real danger for Third-
World countries in this so-called "experimental" stage of opera-
tions. Seriocus problems of sovereignty connected with economiclu
or strategic15 reconnaissance present themselves even now on an
international scale. The fact that 32 countries and 300 selen-
tists of various nationalities are taking part in the ERTS-A pro-

gram does not offer any assurance that the legitimate interest of

other countries will be duly safeguarded. Terrestrlal survelllance

by space objects has a global range; bilateral or multilateral ac-
cords reached on a political or regional scale are not likely to
guarantee the universality necessary to assure that a global pro-

3
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gram of space teleobservation of terrestrial resources conforms
to international law,.

Following the recommendations of the General Assembly of the
U.N. (Resolutions 2600 [XXIV] and 2733 [XXV]) the states repre-
sented on the Scientific and Technical Subcommittee decided to
create and convene a Study Group on the Teleobservation of the
Earth by Satellite.16

At its 1998th plenary session, on November 29, 1971, noting
that this study group had held its first organizational meeting, /iﬂ_
the General Assembly urged the CUPEEA and the Technical and
Scilentific Subcommittee "to make every effort to see that the
Study Group shortly begins its activities per se" (Res. 2778 =~
XXI, p. 4).

This task was undertaken from May 3-9, 1972, when the Study
Group held its "preparatery" session. Unfortunately, the Group
intended to have its work depend entirely on the "preliminary"
results of the ERTS-A satellite. Thus, becomling enmired in rather
vague considerations, it preferred to postpone its basic work for
a later date.l6 It was undoubtedly this delay, as well as the
total absence of conclusive opinion from the Scientific and Tech-
nical Subcommittee on the basic prcblems related to the use of
so-called terrestrial resource satellites, which permitted the
Juridical Subcommittee to adjourn its study of the juridical as-
pects of space teleobservation, even though thils question was on
the agenda for its eleventh sessien in 197217, and notwithstanding
the presence of an important "Draft Agreement on Satellite Activi-
I

ties of Teleobservation of the Earth's Resources,

the Republic of Argentina In 1970.18
The teleobservation and surveillance of the terrestrial medi-

presented by

um by satellifes cannot possibly be limited to the geographical
areas of the state or states authorlzing these activities, or of
those participating in the experiments. Taking inte account the
risk of international disputes which may arilse from preospecting
the earth's resources from space, and alsc with a consclousness of

I



the contradictory economic and military interests 1mplied by this
kind of activity, fhere is reason té hope that the Juridical Sub-
committee of the United Nations will not delay its duties any
further and that it will no longer leave this problem exclusilvely
in the care of the Scientific and Technical Subcommittee or the
Economic and Social Council. In actuality, very precilse technical
detalls on the teleobservation capabilities of satellites were
known and publicized long before the launching of the ERTS—A.19
The legitimate desire to fulfill scientiflc and economic ex-
pectations on the study of the earth's resources by space objects
cannot justify the pursuit of actlvities having both sclentific
and strategic aspects, without taking into conslderation the grave /iﬂﬁ
economic consequences of teleobservation for states bordering on

those directly involved.
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tion capacities of the red, infrared, near infrared, and green
bands. Cf. also the photographs on vegetation in Arizona,
ibid., p. 1068 and on geological structure in Indiana, ibid.,
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APPENDIX

Approximate Size of Surface Area Covered Photographically
and Ground Resolution¥ as a Function of
Altitude and the Focal Length of the Lenses¥*#¥

Iinear Dimension Ground
Altitude Focal Length of Surface Area Resolution
{(in Tt) {mm) (in £t) G (in ft)
10,000 50 10,000 2.00
150 3,334 0.67
40,000 50 40,000 8.00
150 13,334 2.07
500,000 (¥%#) 50 500,000 100.00
150 166,667 33.34 (%)
2,500,000 (¥¥) 50 2,500,000 500.00
150 833,334 166.67

Independently of the value of G, accurate data cannot be
obtained unless there ig adequate contrast between the objects
on the ground. This depends on the specific spectral character-
istics of the objects, as well as the filters and types of film
used ginfrared Ektachrome, Panchrome, ete., for various filter
films).

-- Qround resolution (G) is the smallest linear dimension of
an object situated on the ground whilch can be discerned in a
photograph taken from an airplane or a satellite. The G factor
depends on: a) the altitude A from which the photograph is taken
and b) the focal length (f) of the photographic lens. The area
of ground covered by each exposure varies according to these two
factors, sco that there 1s a choice of obtaining either a greater
surface area covered by each exposure, or a greater amount of
visible ground detail, by modifying (a) and (b).

The following formulas apply:

D = FA/T (1)
S = A/f (2)
G = 5/300 R (3) where:

¥For 50 mm film whose resolution R = 100.
##0rdinary altitudes for satellites (about 150 km, about 750 km).



F i1s the size of the photographic film used.

D is the linear dimension of the surface area visible in
each exposure,

A is the altitude of the aircraft or space obJect.

S 1s a metrical value determined by equatlon (2).

f is the focal length of the lens.

G is the ground resolution.
and R 1s the resolution of the film (in lines/mm).

For a good quallty film, R is = 100.
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